Although no amine oxidase could be detected in crude extracts, the enzyme has been purified to apparent homogeneity from Hordeum vulgare seedlings using ammonium sulfate precipitation and chromatography on DEAE cellulose, Hydroxylapatite, and Sephadex G200 columns. Gel filtration experiments indicate a molecular weight of about 150,000. The pH optimum of the enzyme was found to be 7.5 in potassium phosphate buffer. The spectrum of ultraviolet and visible regions were similar to Cuamine oxidase from Leguminosae.
CuAOs' (amine oxygen oxidoreductase deaminating, copper containing EC 1.4.3.6.) are found in all forms of life (10) . They catalyze the following general reaction:
R-CH2-NH2 + 02+ H20--R-CHO + NH3 + H202 CuAOs have been extracted from different leguminosae: Pisum sativum (14, 26) , Lathyrus sativus (21) , Lens esculenta (5), Vicia faba (12) , Cicer arietinum (1), and Glycine max (22) . These enzymes attack only primary amino groups of aliphatic diamines and polyamines (spermidine and spermine), with the formation ofaldehyde, ammonia, and hydrogen peroxide. PAOs (FAD-containing EC 1.5.3.3.) have been found in the Gramineae family: Avena sativa (20) , Zea mays (1 1, 23) , and Hordeum vulgare (20) . These enzymes catalyze the oxidation of spermidine and spermine at the secondary amino groups to give I-pyrroline and 1-(3-aminopropyl)-pyrroline, respectively.
The presence of CuAOs has not been reported previously in the Gramineae.
The present paper describes a simple method for purification of CuAO from Hordeum vulgare (HvSAO) and some properties of this enzyme.
MATERIALS AND METHODS

Plant
Hordeum vulgare seeds (1 kg) were soaked for 24 h in H20 and germinated for Stoichiometry was determined as follows: (a) oxygen uptake was determined polarographically in the presence and absence of catalase, (b) aldehyde production was followed using the method of NaiK (15) , (c) ammonia production was determined by reaction with glutamate dehydrogenase (2), (d) hydrogen peroxide was determined in absence ofcatalase with the peroxidase-o-dianisidine method (13) . Analytical 
PAGE
Electrophoresis under nondenaturing conditions was performed as described by Gabriel (6) . Continuous SDS-PAGE was carried out according to Weber (25 (17) . Estimation of M, Gel Filtration Determination of Mr under nondenaturing conditions was performed by gel filtration at 4°C using a column (2.5 x 100 cm) of Sephadex G200 (fine grade) equilibrated and eluted with 0.1 M KPi buffer (pH 7) containing 0.3 M KC1 (flow rate 14 mL/h; 3 mL fractions). The distribution coefficient (Kd) was obtained as described by Gelotte (7) using blue dextran to measure the void volume (VO) and tyrosine to measure the total volume (V1). The standard proteins used and their Mr were: ovalbumin (43,000), bovine serum alumin (68,000), aldolase (147,000) and catalase (240,000).
Copper Determination
Copper determination was performed by atomic absorption using an IL 951 atomic absorption spectrophotometer equipped with a graphite furnace. The spectral line chosen was 3247 A.
Spectroscopic Measurements
Absorption spectra of the enzyme were taken with a Cary model 219 spectrophotometer using a 1-cm lightpath cell. Fluorescence spectra were obtained by a Perkin Elmer LS-3 spectrofluorimeter.
Other Analytical Methods
Protein was determined by the Lowry method as modified by Hartree (9) using bovine serum albumin as the standard. Protein concentration in column eluates and in solutions of purified enzyme was determined by absorbance at 280 nm using Elcm = 13 by calibration according to the Lowry method (9) . Neutral sugars were estimated by the phenol/ H2SO4 method (4), using D-glucose, D-galactose, and D-mannose as reference standards. (5, 18) , the three steps of purification (homogenate, ammonium sulfate fractionation, and DEAE-cellulose column) were performed 'blind' with any detectable activity. The hydroxylapatite column was first washed with the same buffer at a flow rate of 100 mL/h until the A280 became -0.0 1 and afterward with 10 mM KPi buffer (pH 7.0); 10 mL fractions were collected. At this stage, the activity was detectable, and the fractions showing enzymic activity were pooled and brought to 0.70 saturation with solid ammonium sulfate as before. After centrifugation, the pellet was dissolved in 20 mL of KPi buffer (pH 7.0) 100 mm. The solution was dialyzed against 15 L of the same buffer at 4°C for 12 h and the insoluble material removed by centrifugation. The supernatant was loaded onto a column (2.5 x 100 cm) of Sephadex G 200 equilibrated with KPi (pH 7.0) 100 mM. The bound diamine oxidase was eluted with KPi (pH 7.0) 100 mm. The fractions with enzymic activity were pooled and concentrated by ultrafiltration. A summary ofthe purification procedure is presented in Table I . It is very important to note that no amine oxidase activity was demonstrated until the hydroxylapatite step. The purified enzyme in concentrated solution showed a pink color like other Cu-amine oxidases. The enzyme is indefinitely stable when stored in KPi buffer (pH 7.0) at -20°C. The purified enzyme does not withstand lyophilization.
RESULTS
Criteria of Purity
HvSAO obtained by the reported purification procedure was tested for homogeneity by PAGE and by gel filtration chromatography. Only one protein band with enzymic activity was present on PAGE and after analytical gel electrofocusing. The isoelectric pH of HvSAO is 6.8. Only one band was observed in SDS-PAGE, in the presence and absence of ,B-mercaptoethanol (protein sample: 100 ,ug), as well as in 8 M urea. Gel filtration chromatography showed as single symmetrical peak.
Substrate Specificity and Inhibitors
As reported in Table II , from the compounds tested, aliphatic diamines from C4 to CI0, agmatine, p-dimethylaminomethyl-benzylamine, spermidine, and spermine were oxidized.
No activity was observed with any of the following substances: histamine, diaminoethane, 1-3 diaminopropane, adrenalin, benzylamine, butylamine, and tyramine.
The KM values, obtained from the linear portion of the double-reciprocal plots, are very similar to those reported for the pea (14, 26) and lentil enzymes (5) . A decrease in the reaction rate at high substrate concentration was observed (2 X 10-2 M). Potential inhibitors of HvSAO which were tested, are listed in Table III . Copper ligands and carbonyl groupdirected reagents were found to inhibit the enzyme, as already found for other amine oxidases (5, 14, 26) .
However, sulfhydryl group reagents (iodoacetate, p-hydroxymercuribenzoate, and N-ethylmaleimide) were ineffective on amine oxidase activity.
Effect of pH and Buffers
The effect of pH on amine oxidase activity was tested in KPi and Tris HCl. The pH curves are broad, with an optimum pH at 7.5 in 0.1 M KPi buffer.
MOLECULAR PROPERTIES Reaction Stoichiometry
During the oxidation of 1,4-diaminobutane, ammonia (2), hydrogen peroxide (13), and A'-pyrroline (15) are formed in stoichiometric amounts, like other AOs.
Cu and Sugar Content
The content of copper determined by the mean of five different preparations, was 1.94 (SD:0. 1 173) g ions per dimer.
The purified enzyme contains 0.082% of copper. On this basis, a minimum molecular mass of 77000 ± 1000 may is estimated (M,(Cu). 100/% (Cu).
The presence of 14% neutral sugar was determined.
Relative Molecular Mass Determination
The Mr was determined by SDS-PAGE and gel filtration on Sephadex G 200. SDS gel electrophoresis showed a single band with a Mr of 75,000 ± 1,000. On gel filtration the protein was eluted with a kD of 0.265, corresponding to a Mr of 150,000. The enzyme appeared, therefore, to be a dimer of identical subunits.
Spectroscopic Properties
The absorption spectrum in the visible and near UV is very similar to that of PSAO and LSAO (5, 14) and shows two well-defined bands centered at 498 nm (E' M : 2.4 x 103) ( Fig. 1) and 278 nm (E' M = 1.75 x 105 ).
Upon addition of substrate under anaerobic conditions, the pink-red enzyme solution becomes colorless, and the absorption band at 498 nm is replaced by low intensity bands with maximum at 460 and 430 nm (Fig. 1) . Oxygenation restores the pink-red color to its original intensity. Similar spectral changes were described for the PSAO (14) and LSAO (5) . Also, addition of phenylhydrazine to the enzyme solution causes absorption spectra modifications very similar to those described for other AOs studied (5, 26) . The absorption band disappearing at 498 nm and being substituted by a single band with a maximum at 440 nm.
The adduct of the enzyme with this reagent is very similar to that observed by Suzuki (24) in the case of bovine amine oxidase, which contains PQQ as a cofactor. HvSAO also reacted with 2,4-dinitrophenylhydrazine and dimetoxyaniline; the observed spectral changes being the same as those occurring in PSAO on addition of these compounds (8) .
The enzyme shows fluorescence emission and excitation spectra similar to those of PSAO (8) . The addition of borate ions (Na2B407) to the native enzyme resulted in a fluorescence excitation spectrum at about 350 nm similar to those described for PSAO (8) and for free PQQ (3).
The described interactions of HvSAO with the ligands are compatible with the assumption that this enzyme may contain PQQ as a prosthetic group. QD. The present investigation shows that: HvSAO is identical with respect to molecular mass, reaction stoichiometry, substrate specificity and inhibitors, sugar content and spectroscopic properties to other amine oxidases (Table IV) . This contains two copper ions and a carbonyl cofactor for protein.
On the basis of absorption and fluorescence spectra, which are similar to those of bovine amine oxidase and PSAO, the carbonyl cofactor of HvSAO appears to be PQQ.
The apparent absence of amine oxidase in extracts of H. vulgare seedlings does not seem to be due to the presence of natural inhibitors, as reported for groundnut seedlings by Sindhu (19) . Attempts were made to search for inhibitors of HvSAO, but without success. Some alternative explanation will be made.
This amine oxidase may be involved in the regulation of diamine and polyamine concentration during developmental stages of Hordeum vulgare.
